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is	 available	 in	 a	 timely	 fashion	 can	 be	 used	 for	 downstream	 integration	 and	 services.	 What	
“timely”	means	depends	very	much	on	 the	 type	of	 service	 that	 is	 targeted:	 for	a	deep	sea	 time	
series	 that	 aims	 to	monitor	multiannual	 temperature	or	oxygen	 trends/variability	 that	might	be	
related	to	climate	variability	a	data	retrieval	every	6	month,	or	even	every	year,	could	be	“timely”.	
In	 contrast,	 for	 upper	 ocean	 observations	 that	 are	 utilized	 in	 operational	 oceanographic	





from	 the	 region	 below	 the	 “Argo	 depth”	 (2000m)	 and	 data	 from	 energetic	 boundary	 currents.	
More	specifically	technology	for	data	from	Transport	Moored	Arrays	(TMA)	is	considered.	TMA	are	




and	 safe	 data	 retrieval	 from	 such	 moored	 instrumentation	 serve	 three	 equally	 important	
requirements:	(1)	Data	safety	–	periodic	data	retrieval	from	moored	sensors	will	serve	as	a	backup	
for	the	data.	(2)	Data	verification	–	periodic	data	retrieval	will	ensure	functioning	of	the	sensors.	
(3)	Cost	saving	–	periodic	data	retrieval	will	 facilitate	 in	some	cases	a	 longer	deployment	period,	
thus	 less	personnel	 and	operation	 costs	will	 be	 spend.	Data	 access	 via	 telemetry	 is	 relevant	 for	
many	real	time	but	also	climate	observations.		
In	 AtlantOS	 task	 3.3	 we	 looked	 into	 existing	 data	 telemetry	 for	 TMAs.	 The	 implementation	 of	
subsea	real-time	data	telemetry	systems	(DW.SRB)	was	proposed	by	one	SME	(Develogic)	and	task	
3.3	partners	contributed	with	component	tests.	Furthermore,	two	other	system	that	were	already	
under	 development,	 the	Myrtle-X	 and	 the	 Expendable	 trawlproof	 bottom	 temperature	 loggers)	
were	 further	 tested	 and	 refined.	 A	waveglider	 based	 acoustic	modem	 solution	was	 also	 tested.	








   
 
1.	Introduction	
Oceanographic	data	 telemetry	systems	allow	to	access	data	 from	sensors	 that	are	 in	a	sampling	
mode	 installed	 at	 sea.	 The	 data	 access	may	 serve	 at	 least	 two	 purposes,	 first	 to	 evaluate	 and	
analyze	 data	 in	 a	 quasi-continuous	 way,	 and	 second	 to	 create	 an	 “off-site	 backup”	 while	 the	
instruments	are	still	deployed	and	recording.		











surface	 and	 transmits	 data	 to	 shore	 at	 defined	 time	 intervals.	 Commercially	 available	 surface	
telemetry	 system	on	 the	market	 include	 the	SEAWATCH	 from	Fugro,	Data.Buoy	SB.600/1000	by	
Develogic	 or	 Surface	 Buoy	 Systems	 by	 Mooring	 Systems,	 Inc.).	 A	 surface	 buoy	 on	 top	 of	 a	
conventional	subsurface	mooring	not	only	adds	substantial	costs	but	also	 increases	stress,	wear-
and-tear	 and	 exposure	 to	 fishing	 activity	 and	 ice	 drift.	Moreover,	 various	mooring	 installations	




still	a	need	 for	data	 retrieval	exists.	Typically	 these	systems	 feature	a	subsurface	data	collection	
and	storage	unit	to	be	accessed	via	data	messenger	buoys	(sometimes	called	“pop-up”	buoys)	that	
rise	 to	 the	 ocean	 surface	 and	 commence	 data	 transmission	 to	 shore	 via	 satellite	 or	 other	





et	 al.	 1994,	 Watts	 and	 Rossby,	 1977)	 system.	 The	 system	 uses	 low	 bandwidth	 underwater	
acoustics	to	read	out	data	from	a	bottom	lander	at	occasional	ship	visits	at	the	mooring	location.	
Belonging	 to	 the	 same	 family,	 is	 a	 data	 retrieval	 system	 of	 the	 “Multi	 Year	 Return	 Tide	 Level	
Equipment”	(MYRTLE;	Spencer	and	Foden	1996,	Spencer	and	Vassie	1997).	The	scientific	mission	
of	the	PIES	and	Myrtle	instruments	benefit	from	least	possible	movement	of	the	equipment	during	
the	 deployment	 and	 the	 telemetry	 systems	 are	 exclusively	 designed	 for	 a	 stable	 seafloor	
installation	(“lander	installation”).		
	
A	 system	 that	 was	 specifically	 designed	 for	 integration	 into	 a	 mooring	 line	 (away	 from	 the	
seafloor),	is	the	“Data	Capsule	Magazine”	(DCM),	developed	during	the	ULTRAMOOR	project	(Fyre	
et	 al.	 2002,	 2004).	 The	ULTRAMOOR	project	 started	 in	 2000	with	 the	purpose	of	 designing	 and	
testing	multiyear	(5	years	was	the	target)	mooring	deployments.	The	DCM	consists	of	an	acoustic	
receiver	that	collects	data	from	moored	instruments	which	in	turn	are	all	equipped	with	acoustic	
transmitters.	 A	 module	 in	 the	 receiver	 unit	 uploads	 the	 data	 into	 expandable	 data	 capsules	
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on	underwater	 acoustic	 (“Bergen	 System”)	 and	one	being	 a	 pop-up	 system	 (OPTIMARE	 system)	
were	further	developed	and	tested.	However,	both	systems	are	not	commercially	available.			
Here	we	 specifically	 report	 on	 three	 other	 systems:	 one	 developed	 at	 the	 SME	Develogics	with	
input	 from	 the	AtlantOS	 partners,	 one	 developed	 and	 tested	 by	 partner	NERC/NOCS	 (Extended	
Myrtle	 system)	 and	 one	 developed	 and	 tested	 by	 partners	 HAV	 and	 UniRES	 (Expendable	
trawlproof	bottom	temperature	 loggers).	For	completeness,	 the	results	of	 the	 former	EU	efforts	
(THOR	and	NACLIM)	are	included	in	the	systems	description	below.			2.	Systems	














(MI.SAT	 I	 &	 II)	 and	 the	 PopUp	 buoy	 technology	 implanted	 in	 the	 product	 “Satellite	 Recovery	








































far,	 the	 lander	based	system	has	been	used	by	NOC	 (Southampton,	UK),	Trianel	 (wind	 farming),	




The	 expendable	 pop	 up	 buoy	 system	 consists	 of	 two	 components:	 a	 mechanical	 release	 with	
integrated	wireless	data	and	power	transmission	 interface	and	the	actual	popup	buoy	that	 locks	
into	the	release	(Fig.	1)	and	can	be	triggered	based	on	a	pre-programmable	schedule,	violation	of	
thresholds	 in	 the	acquired	data	or	by	sending	a	command	via	acoustic	communication	 from	the	
surface.	
	




data	 from	 the	 lander	 or	 mooring	
installations	 data	 logger	 is	
periodically	 forwarded	 into	 all	
remaining	 popups	 of	 the	 installation	
in	 parallel.	 During	 the	 data	
forwarding	 phase,	 the	 electronics	 in	
the	 popups	 are	 powered	 via	 the	
wireless	power	 transmission	 from	an	
external	 power	 supply	 –	 the	 internal	
battery	pack	is	disconnected.		
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Fig.	 2:	 Drift	 path	 map	 (automatically	
generated	via	the	GPS	positions)		
	
GEOMAR	 has	 performed	 several	
transmission	tests	for	the	surface	telemetry	
using	 the	 MI.SAT/DW.SRB	 system	 that	 is	
sending	 data	 via	 an	 Iridium	 SBD	 satellite	
link.	 The	 systems	 were	 deployed	 in	 the	
North	 Atlantic	 in	 contrasting	 areas	 –	 an	
area	 in	 the	 trade	 wind	 region	 (at	
17°N/23°W)	 with	 steady	 wind	 and	 wave	
conditions	 and	 high	 wind	 /wave	
installations	 in	 the	 Labrador	 Sea	
(56°33’N/52°39’W)	 and	 Irminger	 Sea	
(59°31’N/39°47’W).	 	 Endurance	 time	 and	
functionality	 of	 the	 “port.8”	 is	 a	 key	
component	 for	 long	 installation	 with	
MI.SAT/DW.SRB.		
Mechanical	 problems	 for	 the	 MI.SAT	
system	 led	 to	 a	 break	 off	 of	 the	 surface	 element	 in	 December	 2016	 from	 the	 mooring	 in	 the	
Labrador	Sea	(see	map	Fig.	2)	In	June	2017	a	vessel	was	identified	that	could	eventually	rescue	the	





The	 Pop-up	 system	 release	 and	 data	 communication	 in	 an	 NOC-Lander	 (develogic	 SSL.150c	
Shallow	Water	 Seafloor	 Lander)	 was	 tested	 in	 the	 North	 Sea	 in	 2017	 (Fig.	 3).	 The	 lander	 was	
deployed	during	the	POSEIDON	POS518	cruise	and	the	responsible	on	board	was	Mario	Esposito	
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The	 ECB	Popup	 Launcher	 can	host	 up	 to	 6	
Popup	 Data	 Ferries	 (DF.2000/6000)	 or	
Expandable	 Communication	 Beacons	
(ECB.500)	 (see	 photo	 on	 the	 right).	 The	
launcher	 units	 host	 an	 integrated	 release	
and	 an	 opto-inductive	 ECB/DF	 interface.	
The	data	from	the	Port.8	data	logger	can	be	
mirrored	 into	 the	 individual	 popups.	 The	
Popup	 ups	 are	 rated	 to	 2000m,	 and	 are	
equipped	with	an	Iridium	SBD	transponder.	
They	 can	 be	 configured	 for	 push	 or	 pull	
transmission,	 include	 a	 Trimble	 32ch	 GPS	










None	 of	 the	 three	 popup	 initially	 reported	 data	 after	 ejection.	 One	 popup	 initiated	 satellite	
communication	after	being	washed	ashore	 in	 Scotland	–	unfortunately	 the	popup	was	 taken	by	
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regarding	 the	 data	 uplink	 and	 the	 popup	 release	 was	 implemented	 and	 recently	 successfully	







   
 
2.2	THE	NATIONAL	OCEANOGRAPHY	CENTRE	SYSTEMS	
The	 National	 Oceanography	 Centre	 collects	 data	 from	 an	 array	 of	 moorings	 that	 span	 the	
subtropical	Atlantic	 from	 the	Bahamas	 to	 the	 continental	 slope	of	Africa.	 	Data	 from	 the	RAPID	
26°N	 array	 is	 used	 to	 calculate	 a	 time	 series	 of	 the	 Atlantic	Meridional	 Overturning	 Circulation	
(AMOC)	that	 is	widely	used	by	ocean	and	climate	scientist.	 	 Interannual	variability	of	the	AMOC,	
and	 the	 associated	 northward	 heat	 transport,	 has	 been	 identified	 as	 a	 possible	 precursor	 of	
regional	climate	variations	(e.g.	Buchan	et	al.	2014,	Blaker	et	al.,	2014),	and	it	has	been	suggested	
that	AMOC	variability	 could	be	used	 to	predict	 sea	 surface	 temperature	anomalies	 in	 the	North	
Atlantic	with	a	5-month	lead	time	(Duchez	et	al.,	2015).		For	these	reasons,	the	RAPID	26°N	team	
would	 like	 to	 increase	 the	 frequency	 at	 which	 the	 data	 is	 made	 available	 to	 the	 scientific	
community.	 	 	 	Additionally,	 as	 the	 length	of	mooring	deployments	 increases	 so	does	 the	 risk	of	








For	 both	 of	 these	 systems	 it	 is	 possible	 to	 telemeter	 data	 from	 moorings	 that	 do	 not	 have	 a	
surface	expression.	
	
Fig.	 6:	 Schematic	 of	 the	 two	
NOCS	telemetry	systems.		The	
Wave	 Glider	 (left	 side)	 can	
service	 multiple	 moorings.		
One	 MYRTLE-X	 lander	 (right	




The	 two	 NOCS	 telemetry	
systems	 (Fig.	 6)	 share	 a	
common	telemetry	buoy	on	
each	 mooring	 from	 which	





processes	 data	 from	 the	 instruments.	 	 The	 data	 are	 then	 transmitted	 acoustically,	 either	
downwards	to	the	MYRTLE-X	sea	floor	lander	or	upwards	to	an	autonomous	surface	vehicle.			The	







   
 
withstand	submergence	to	5000	m	allowing	flexibility	on	where	it	is	deployed	on	the	array,	where	
the	 choice	 of	 deployment	 depth	 varies	 depending	 on	 the	 mooring	 height,	 seabed	 depth	 and	






is	used	 to	 store	data.	The	mooring	controller	writes	 the	compressed	 instrument	data	and	 some	
diagnostic	information	to	the	modem	memory	card.	The	partner	modem,	controlled	by	the	lander	
or	Wave	Glider,	 initiates	 the	connection	 to	 the	moored	modem	using	a	pre-set	address	number	
and	then	pulls	the	data	off	the	moored	modem’s	memory	card	before	onward	transmission.	
	
















control	 the	 acoustic	modem	so	 that	 the	 lander	 controller	 can	 receive	data	 from	a	mooring	 and	
write	 it	 to	 each	 data	 pod.	 The	 data	 pods	 are	 17-inch	 diameter	 glass	 spheres	 with	 an	 infrared	
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2018.	The	orange	painted	aluminium	 frame	provides	 the	 structure	
with	 orange,	 hard-hat	 covered	 glass	 spheres	 in	 the	middle	 of	 the	





autumn	 2015	 to	 spring	 2017,	 the	 system	 electronics	 and	
software	were	 re-engineered	 in	 2017.	 In	 Spring	 2018	 a	 deep-
water	trial	was	conducted	off-shore	of	Gran	Canaria.		The	two-
month	 deployment	 showed	 successful	 unattended	 operation	 of	 the	 mooring	 controller	 and	
inductive	 communications	part	of	 the	 system	and	partial	 success	with	 the	acoustic	 transfer	 and	
automatic	data	pod	release.	Following	the	trials,	faults	were	traced	to	firmware	on	the	data	pods	





difference	 in	 wave	 motion	 experience	 by	 a	 surface	 unit	 and	 an	 8m-deep	 sub	 unit	 to	 provide	
propulsion,	 with	 solar	 panels	 and	 rechargeable	 batteries	 powering	 the	 on-board	 computing,	










developed	 at	 the	Monterey	 Bay	 Research	 Institute	 (MBARI)	 (O’Reilly	 et	 al.,	 2015)	 (Fig.	 9b).	 The	
telemetry	 components	 are	 housed	 in	 a	 separate	 payload	 box,	 which	 contains	 a	 processing	
computer	 and	 the	 acoustic	 and	 Iridium	modem	electronics.	 An	 acoustic	modem	 transducer	 has	
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been	 integrated	 into	 the	 hull	 of	 the	Wave	Glider	 (Fig.	 9b)	 and	 a	 second	 Iridium	 antenna	 fitted	
alongside	 the	 one	 used	 for	 Wave	 Glider	 communications.	 The	 second	 Iridium	 antenna	 allows	
direct	 communication	with	 the	Hotspot	 payload	without	 having	 to	 go	 through	 the	Wave	Glider	
controls	systems.	
The	system	completed	successful	deep-water	trials	off-shore	of	Gran	Canary	early	 in	2018	and	a	
mooring	buoy	 is	scheduled	 for	deployment	on	the	eastern	boundary	of	 the	RAPID	26°N	array	 in	












• The	operating	costs	are	relatively	high	when	compared	with	a	 lander.	 	 It	 is	possible	 that	
the	costs	could	be	reduced	in	the	future	as	new	piloting	systems	are	developed	that	make	
less	demands	on	human	pilots.		
• Operation	 in	 strong	 currents	 could	 be	 challenging.	 	 Before	 deploying	 on	 the	 western	
boundary	 of	 the	 RAPID	 26°N	 array,	 it	 would	 be	 advisable	 to	 conduct	 some	 model	
simulations	to	determine	how	well	the	vehicle	could	be	navigated.	










• There	 is	 little	 that	 can	 be	 done	 to	 address	 any	 issues	 that	 arise	 until	 the	 system	 is	
recovered.	
MYRTLE-X	is	well	suited	for	deployment	on	the	western	boundary	of	the	RAPID	26°N	array	where	






   
 
In	 addition	 to	 surface	 wave	 and	 wind	 impacts,	 the	 ocean	 observing	 installations	 are	 often	
hampered	 by	 heavy	 fishing	 activity	 in	 the	 monitoring	 region,	 as	 exemplified	 by	 the	 currents	
transporting	warm	and	saline	Atlantic	water	across	the	Greenland-Scotland	Ridge	 into	the	Arctic	
Mediterranean.	 In	 these	 regions,	 traditional	 mooring	 arrays	 eventually	 get	 caught	 and	 lost	 in	
fishing	gear,	especially	trawling	is	a	serious	threat.	For	observations	using	upward-looking	ADCPs	
(e.g.	 volume	 transport)	which	 are	moored	below	 the	depth	of	 trawls	 or	 deployed	 in	 trawlproof	
frames	on	 the	bottom	the	 risk	 is	minimized	but	observing	properties	along	with	 the	currents	 to	
estimate	 heat	 and	 freshwater	 transport	 the	 situation	 is	 different	 as	 T	 and	 S	 observations	 are	
required	to	be	recorded	at	different	depth.	For	an	oceanic	set	up	where	currents	flowing	over	a	
slope	 region,	 a	 partial	 solution	 is	 to	 monitor	 bottom	 temperature	 at	 several	 depths	 on	 a	
monitoring	 section	 crossing	 the	 slope.	 Such	 Bottom	 Temperature	 Loggers	 (BTLs)	 need	 to	 be	




onto	 the	 bottom	where	 they	 record	 bottom	 temperature	 at	 the	 site	 at	 hourly	 (programmable)	






The	 first	 BTL	 version,	 here	 termed	 Acoustic-BTL,	 consists	 of	 a	 temperature	 recorder	 (SeaBird	
SBE39)	connected	to	a	LinkQuest	underwater	modem	(UWM2000).	Both	of	these	are	powered	by	
external	battery	packs	with	alkaline	D-cells	in	two	LinkQuest	battery	housings.	Data	are	recovered	
by	 acoustic	 communication	 between	 the	 underwater	modem	 of	 the	 BTL	 and	 a	 surface	modem	


















KTH	 Royal	 Institute	 of	 Technology,	 Stockholm,	 Sweden	 (commercially	 available	 at	




pre-programmed	 time.	 In	 the	 present	 version,	 the	 frame	 can	 contain	 up	 to	 four	 buoys	 (green	
spheres	 inside	 the	 Popup-BTL	 frame,	 see	 Fig.	 10),	 which	 are	 programmed	 in	 this	 case	 to	 be	
released	after	periods	of	1,	2,	3,	and	4	years,	 respectively.	This	provides	 redundancy	 since	each	
buoy	 contains	 the	 data	 of	 the	 buoys	 planned	 to	 be	 released	previously.	 A	 prototype	 version	of	
Popup-BTL	containing	only	one	LoTUS	buoy,	 funded	by	AtlantOS,	was	deployed	 in	October	2017	
on	the	section	of	the	Faroe	Current	TMA	and	is	planned	to	be	released	in	November	2018.	A	new	
system	 with	 four	 buoys	 was	 deployed	 at	 the	 same	 site	 in	 June	 2018.	 At	 the	 same	 time,	 an	









For	 completeness	 we	 also	 mention	 here	 briefly	 the	 earlier	 systems	 that	 also	 showed	 some	
promising	results	but	could	not	be	further	developed	due	to	different	reasons.	
The	OPTIMARE®	Mooring	PopUp	system	
The	system	goes	back	 to	a	PIES	 system	but	was	modified	 to	be	 installed	 in	a	conventional	 steel	
wire	 mooring.	 The	 initial	 tests	 of	 the	 OPTIMARE®	 Mooring	 PopUp	 system	 as	 part	 of	 the	 FP7	
NACLIM	 addressed	 the	 stability	 of	 the	messenger	 buoys	mounting	 rack	 and	 the	 fixation	 of	 the	
buoys	within	 the	burnwire	 release	brackets	on	 the	 frame	 (Fig.	11).	 For	 the	 typical	 “anchor-last”	
deployment	 of	 a	 mooring,	 the	 frame	 (along	 with	 other	 instrumentation)	 must	 be	 capable	 of	
handling	a	tow	behind	the	ship	for	several	hours,	steaming	at	3-4	knots.		
Several	 communication	 tests	 of	 the	 Iridium	 RUDICS	 system	 where	 performed,	 on	 land	 and	 in	
shallow	water.	In	August	2011	the	first	long-term	deployment	of	the	OPTIMARE®	Mooring	PopUp	
system	 was	 made.	 This	 time,	 the	 system	 was	 incorporated	 into	 a	 full	 water	 depth	 (2700m)	
mooring.	The	collection	of	data	as	well	as	the	 launch	of	the	four	buoys	worked	as	programmed.	











buoy	 and	 recoverable	 via	 acoustic	 telemetry	 e.g.	 from	 a	 ship.	 Tests	 were	 conducted	 in	
Fanafjorden,	 (Norway)	at	a	water	depth	of	approx.	200m.	Data	 from	an	AADI	R-DCP600	current	
profiler	with	additional	sensors	(temperature,	conductivity,	pressure)	were	successfully	retrieved	
via	 reception	modem	 lowered	over	 the	 side	of	 the	 ship.	An	open	ocean	 test	 in	 the	 Faroe	Bank	
Channel	 and	Barents	 Sea	 in	 2010	were	made.	Data	 from	all	 deployed	platforms	were	 retrieved	
acoustically	 via	 ship-based	 receiver	 modems.	 The	 sensor	 payload	 configuration	 of	 all	 of	 these	
systems	 included	 an	 AADI	 R-DCP600®	 current	 profiler	 with	 additional	 sensors	 (temperature,	
conductivity,	 pressure,	 oxygen),	 connected	 to	 a	 serial	 port	 (RS422)	 of	 the	 HAM.NODE®-based	
Develogic®	hydro-acoustic	modem	and	data	logger	device.		
	















Data	 telemetry	 systems	 for	 climate	monitoring	 applications	must	 serve	 different	 purposes	 than	
real-time	 data	 telemetry	 systems	 for	 operational	 applications.	 While	 for	 real-time	 in	 an	
operational	 framework	 rapid	 integration	 (e.g.	assimilation)	of	 the	data	 into	model	 system	 is	 the	
most	 important,	 the	 climate	 data	 telemetry	 applications	 serve	 three	 equally	 important	 issues:	
Data	 safety	 –	 by	 constantly	 retrieving	 and	 storing	 the	 data	 from	 connected	 instruments	 a	 data	





SME	 partner	 (Develogic)	 and	 further	 task	 3.3	 partners	 contributed	 with	 component	 tests.	
Furthermore,	 two	 other	 system	 that	 were	 already	 under	 development,	 the	Myrtle-X	 and	 the	
Expendable	trawlproof	bottom	temperature	loggers	were	further	tested	and	refined.	A	wave	glider	
based	 acoustic	 modem	 solution	 was	 also	 tested.	 Overall	 a	 remarkable	 progress	 on	 the	 data	
transmission	technology	for	moored	installations	during	the	AtlantOS	lifetime	can	be	reported.	It	
can	 be	 reported	 that	 the	 three	 systems	 marched	 from	 a	 technological	 readiness	 level	 (TRL)	 4	
(“Trail”;	in	reference	to	the	Framework	for	Ocean	Observing	TRL	categories;	UNESCO	2012)	via	TRL	
5	(“Verification”)	to	TRL	6	(“Operational”).	
We	 acknowledge	 the	 demand	 (market)	 for	 such	 technology	 documented	 by	 the	 institutions	
involved	 in	 developing	 and	 testing.	 We	 appreciate	 that	 now	 data	 retrieval	 systems	 exists	 for	
subsea	data	transmission	which	are	commercially	available	(Develogic	&	the	KTH	Royal	Institute	of	
Technology,	 Stockholm,	 Sweden).	 More	 reliable	 and	 save	 data	 transmission	 for	 long	 term	
monitoring	activities	is	ensured.		
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